The Warwick Research Archive Portal (WRAP) makes this work of researchers of the University of Warwick available open access under the following conditions. Copyright © and all moral rights to the version of the paper presented here belong to the individual author(s) and/or other copyright owners. To the extent reasonable and practicable the material made available in WRAP has been checked for eligibility before being made available.
Introduction
Cu(0)-mediated reversible deactivation radical polymerization (RDRP) has emerged as a useful and versatile tool for the synthesis of polymers in both aqueous and organic media, yielding very well-defined materials often with complex and designed macromolecular architectures. [1] [2] [3] [4] [5] [6] [7] [8] [9] When compared to other controlled/living radical polymerizations methods, Cu(0)-mediated RDRP exhibits a number of advantages including narrow molecular weight distributions, or dispersity, even at near quantitative conversions, high end group functionality, very low concentrations of copper (ppm) with both a simple set up and deoxygenation procedures. 10, 11 Importantly, the majority of the polymerizations are performed at ambient temperature or below thus allowing additional access to well defined protein/polymer conjugates and monomers that exhibit an LCST behaviour upon polymerization. [12] [13] [14] [15] [16] Acrylates and acrylamides are the most studied monomer classes investigated by Cu(0)-mediated RDRP, with methyl acrylate (MA) and N-isopropylacrylamide (NIPAM) often used as model monomers for the optimization of reaction conditions. Cu(0)-wire and Cu(0) particles, either externally added or generated in situ via disproportionation of CuBr/Me6Tren (tris [2- (dimethylamino)ethyl]amine) systems have been extensively explored to afford the polymerization of a wide range of hydrophobic, hydrophilic, semi-fluorinated and functional acrylates and acrylamides to yield polymers with narrow molecular weight distributions. 12, [17] [18] [19] A number of complex architectures further demonstrates the good control and high end group fidelity accessible through these techniques as shown by the synthesis of sequence controlled multiblock copolymers, 20 is an active and commercially available initiator and facilitates the controlled polymerization of MMA and a range of hydrophobic, hydrophilic and functional methacrylates at ambient temperature. The preparation of polymers of low dispersity at high monomer conversion, (>90 %), access to high molar molecular weight polymers (>70 kDa) and successful synthesis of block copolymers via in situ block extension highlight the utility of the optimized conditions. 
Experimental

Materials and Instrumentation
Results and Discussion
Cu(0)-wire mediated polymerization of acrylates is often conducted at ambient temperature using Me6Tren as the ligand, EBiB as a typical initiator, DMSO as the solvent with a small amount of CuBr2 added to deactivate the polymer chains so to yield narrower molecular weight distributions. Under these conditions, low dispersity and high end group fidelity poly(methyl acrylate), capable of facilitating in-situ chain extensions) can be observed at high monomer conversion, consistent with previous reports (Table 1, Figure S1 -2, SI). 10, 11, 33 The use of DMSO, a disproportionating solvent which solubilizes Cu(II), has previously been shown to furnish polymers with high end group fidelity. [34] [35] [36] On switching from the tertiary initiator (EBiB) to the secondary (EBP), MA exhibited comparable polymerization rate, polymer dispersity and end group fidelity with good agreement between theoretical and experimental molecular weights (Entries 1-2, table 1). In stark contrast, the polymerization of MA initiated with MBPA exhibited substantially lower monomer conversion even after a significantly longer reaction time (24 h) (Entry 3, Table 1 ). This is ascribed to an lower rate of initiation (ki) from the highly-stabilized MBPA-derived radical towards MA to give a substantially less stabilized PMA propagating radical (i.e. kact,MBPA >> ki and kact,MBPA >> kact, PMA). Although low dispersity was observed in this case, the slow rate of polymerization manifests in the inability to reach high conversion even after a prolonged reaction time. This led us to conclude that MBPA is not the optimal initiator to facilitate the controlled polymerization of acrylates under these conditions employed. table 1 ). However, when the same conditions were employed using MBPA as the initiating species PMMA could be synthesized with a dispersity = 1.10 even at high conversion (90%, entry 6, table 1, Figure 1c ). As expected in comparison to the MA examples, the polymerization of MMA was much slower due to the lower propagation rate constant (kp) for MMA polymerization. 37 Discrepancies between theoretical and observed Mn for the polymerization of MMA are attributed to reduced initiator efficiency (75%) as previously reported. 30, 38, 39 It is noted that initiator efficiency was found to be slightly improved upon addition of higher amounts of Cu(II)Br2 (figure S5, SI) although upon increasing the ligand concentration control of the polymerization was lost, consistent with previous literature reports. 40 In addition to this it also reported that addition of 5% of Cu(II)Br2 is beneficial as it allows for more efficient synthesis of diblock copolymers via in-situ approaches.
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Polymerization of MMA under the optimized conditions was repeated at three different temperatures, in order to ascertain whether increased temperature could yield greater polymerization rates and higher conversions whilst maintaining the good degree of control over
MWDs. At 50°C it was found that the reaction proceeds much faster, with conversion = 65% by 1 H NMR after three hours, compared to just 5% at 25 °C. However, after 24 hours the reaction had only reached a marginally higher conversion (94% compared to 90% at 25 °C), and furthermore the dispersity was significantly broader (Đ =1.30 at 50 °C, compared to 1.10 at 25 °C). At 75 °C, this trend is further illustrated with conversion reaching almost 90% in 3
hours, but an even broader dispersity. All subsequent reactions were performed at ambient temperature to minimize the termination events occurring at higher temperatures. Previous In order to gain a better understanding of these polymerizations, kinetic analysis using online FT-NIR monitoring was employed allowing for the measurement of monomer conversion as a function of time ( Figure S4 , SI). The FT-NIR spectrum of MMA reveals a prominent signal at 6170 cm -1 (from the first overtone of the 2 γ(=CH2) absorption) which upon integration allows for the relative monomer concentration to be calculated, as previously reported by Haddleton et. al. 43, 44 The first order kinetic plot (ln[M0]/[Mt] vs time) for the polymerization of MMA was obtained by measuring the relative decrease in the absorption at 6170 cm -1 (ascribed to the vinyl group of the monomer) as the monomer is converted to polymer. Figure 2a shows the kinetic plot for the polymerization of MMA with EBP (an initiator which forms a secondary radical), it can be seen that there is no linear relationship, indicating a non-constant concentration of radicals which results in an uncontrolled reaction (final dispersity = 2.12) (Figures 1a, 2a) . When EBiB was employed (an initiator capable of generating a more stable tertiary radical) linear kinetics were only observed up to 4 h, before a subsequent loss of linearity and loss of control (figure 2b). The lack of control of this polymerization is highlighted by SEC analysis of the final sample which exhibited a dispersity of 1.60 (Figure 1b) . On the contrary kinetic analysis of the polymerization using MBPA, an initiator where the initiating radical is further resonance stabilized by the adjacent phenyl group, a much more linear behaviour was observed following an initial induction period (attributed to selective initiation, where MPBA is transformed to the single monomer unit adduct prior to polymerization of MMA) that has also been previously observed (Figure 2c) . 45, 46 Importantly, the final sample exhibited a narrow molecular weight distribution (Ð = 1.10 at 90% conversion), demonstrating an impressive degree of control over the polymerization (Figure 1) . To probe the potential of these optimized conditions to deliver polymers with narrow MWDs for higher MW polymers, a series of PMMAs were synthesized targeting higher degrees of polymerization ((DPn = 100-400), Table 2 ). In all cases these experiments yielded polymers with low dispersity (1.10-1.24) up to 73 000 g mol -1 (Figure 3a) . Furthermore, in situ chain extension of PMMA with a second aliquot of MMA led to a complete shift of the molecular weight distribution while maintaining low dispersity indicating high end group fidelity even at high monomer conversion ( Figure S12 , Table S4 , SI). A range of other methacrylates were also found to be compatible with these polymerization conditions including ethyl methacrylate (EMA), benzyl methacrylate (BzMA), ethylene glycol methyl ether methacrylate (EGMA), poly(ethylene glycol methyl ether methacrylate) (PEGMA) and glycidyl methacrylate (GMA) ( Figures S13-17, SI) . Importantly, GMA allows for further post polymerization modification 49 and here monomer conversion reached 99% furnishing the desired PGMA with a final dispersity of 1.10. In order to further assess the end group fidelity at such high conversion, an aliquot of MMA was subsequently added yielding a well-defined PGMA-PMMA diblock copolymer upon polymerization with Mn = 18400 g mol -1 and a final dispersity = 1.15. 
Conclusions
This work presents the a Cu(0) based system capable of controlled polymerization of a range of hydrophobic, hydrophilic and functional methacrylates utilizing one set of conditions. We have demonstrated that appropriate choice of initiator is a vital parameter in controlling the Cu(0) mediated polymerization of methacrylates, with a more active initiating species achieving a greater degree of control, as evidenced by narrow molecular weight distributions and pseudo-linear first order kinetics as observed by online monitoring with Near IR spectroscopy. Optimized conditions were also shown to be applicable to higher molecular weights and high end group fidelity could be maintained even at very high conversions (>99%), as exemplified by the in situ chain extension of PGMA with MMA to form the desired block copolymer with low dispersity.
